A number of alternative donor options exist for patients who fail to find domestic HLA-matched donors for allogeneic hematopoietic stem cell transplantation (allo-HSCT).
Background
A number of alternative donor options exist for patients who fail to find domestic HLA-matched donors for allogeneic hematopoietic stem cell transplantation (allo-HSCT).
We assessed physicians' perspectives on allo-HSCT donor selection when a matched domestic donor is not available.
Methods
We administered a questionnaire survey to 55 hematologists (response rate: 28%) who attended the annual spring conference of the Korean Society of Haematology in 2015. The questionnaire contained four clinical allo-HSCT scenarios and the respondents were asked to choose the most preferred donor among the given options.
Results
In all four scenarios, the hematologists preferred a matched international donor over partially mismatched unrelated domestic or haplo-matched family donors. The numbers of hematologists who chose a matched international donor (HLA 8/8) in cases of acute myeloid leukemia, chronic myeloid leukemia, acute lymphoblastic leukemia, and aplastic anemia were 37 (67.3%), 41 (74.6%), 33 (60.0%), and 36 (65.5%), respectively. The important factors that affected donor selection included "expecting better clinical outcomes (40.5%)" and "lower risk of side effects (23.4%)." The majority of participants (80%) responded that allo-HSCT guidelines for donor selection customized for the Korean setting are necessary.
Conclusion
Although hematologists still prefer perfectly matched foreign donors when a fully matched domestic allo-HSCT donor is not available, we confirmed that there was variation in their responses. For evidence-based clinical practice, it is necessary to provide further comparative clinical evidence on allo-HSCT from haplo-matched family donors and fully matched unrelated international donors.
INTRODUCTION
Allogeneic hematopoietic stem-cell transplantation (allo-HSCT) is a rapidly evolving curative option for patients with both non-malignant and malignant hematologic disorders [1, 2] . Traditionally, allo-HSCT requires HLA-locus matched donors, which could be the recipient's sibling or an unrelated volunteer. The outcome of allo-HSCT is best when it is performed using an HLA-identical sibling donor [3, 4] . However, due to incomplete donor availability, allo-HSCT from a matched sibling donor is available for only 30% of patients [5] [6] [7] ; for the remaining 70%, the next-best option is to receive allo-HSCT from an unrelated HLAmatched donor. These donors are available in 50%-90% of cases, varying by country. The probability of finding an For patients who fail to find HLA-matched allo-HSCT donors domestically, a number of alternative donor options exist: 1) partly mismatched unrelated donors, 2) HLA-matched international volunteer donors, 3) haplo-matched family members, 4) and cord blood. Recently, the development of effective allo-HSCT conditioning regimens and supportive care techniques have dramatically improved the success rates of haplo-HSCT and cord blood HSCT. Hence, it is unclear which alternative donor option is the best for patients. Due to the ethnic homogeneity in Korea, there exists the possibility that allo-HSCT using international matched donors may show inferior outcomes to those of allo-HSCT using fully matched domestic donors.
In this context, we investigated physicians' preferences and perceptions regarding donor selection for allo-HSCT. In particular, we focused on the preferences for (or reluctance regarding) international donors given limited options (haploidentical or partly matched domestic donors) and their reasons for their choices.
MATERIALS AND METHODS
We performed a person-to-person survey to collate physicians' perceptions and preferences regarding allo-HSCT donor selection. The study subjects included hematologists who attended the annual spring conference of the Korean Society of Haematology held on May 29-30 in 2015, and we ultimately analyzed data from 55 of the 195 attendees (board-certified physicians).
The questionnaire was composed of two parts ( Table 1 ). The first section was on the general characteristics of the respondents, such as gender and work experience. The second section focused on the participants' preferences in allo-HSCT donor selection when a domestic HLA-matched donor was not available. In brief, the questionnaire contained the following four case scenarios including the health states of the patients: AML, ALL, CML, and aplastic anemia (AA). In each of these scenarios, we provided information about the recipient (age, gender, disease, time at diagnosis, and conditions) and potential alternative donors (ethnicity, nationality, kinship with patient, degree of HLA matching). The respondents were then asked to choose the most preferred donor among the given options and to indicate the reason for their choice. The available donor candidates included a perfectly HLA-matched international donor, a haplo-matched family member, and an unrelated domestic donor with more than one mismatched allele. Additionally, we asked about the physicians' general perceptions regarding allo-HSCT, determinants for donor selection in general, and their references for making their decisions. We performed all statistical analyses using STATA SE 13.0.
RESULTS

General participant characteristics
A total of 55 hematologists participated in this survey (response rate: 28%), of whom 67% (N=37) were male ( Table  2) . Of the respondents, 65% (N=36) had more than 10 years of experience in hematology and 27% (N=15) had over 20 years. The majority of respondents were working at a university hospital (84%), of whom 31% (N=17) were working at a national university hospital and 53% (N=29) were working at a non-national university hospital. Among hospital locations, the majority of participants (N=42) were working in the capital area (Seoul/Gyeong-gi), while only 24% (N=13) were working in other regions.
Donor selection preferences
Case 1: AML For the AML case, among the 55 respondents, 67% (N=37) chose a donor from Taiwan whose HLA type perfectly matched that of the recipient; 27% (N=15) chose a haplo-matched family donor, while only 5% (N=3) chose a domestic donor with a partial HLA type match (HLA 6/8; Fig. 1A ). The main reason for the donor choice was "expecting better clinical outcomes" (69%, N=38), followed by "shorter waiting time for transplantation" (15%, N=8), "lower risk of rejection" (13%, N=7), and "lower cost for transplantation" (4%, N=2).
The most common reason for choosing a fully matched Taiwanese donor was "expecting better clinical outcomes," while the most common reason for choosing a haplo-matched family donor was "short waiting time for transplantation." This preference reflects the fact that although a moderate number of physicians chose haplo-HSCT, they generally believe that clinical outcomes will be better with full-matched foreign donors than with haplo-matched family donors.
Case 2: CML
In case 2, 75% of the respondents (N=41) chose a perfect HLA match from Taiwan. Fifteen percent (N=8) preferred an unrelated domestic donor whose HLA type matched partly (HLA 7/8) the recipient's. Eleven percent (N=6) chose a haplo-matched family donor (Fig. 1B) . The reasons cited for these donor selections included "better clinical outcomes" (N=39, 70%), "lower risk of rejection" (21%, N=12), "lower cost for transplantation" (5%, N=3,), and "short waiting time for transplantation" (2%, N=1).
The most common reason for both choosing a full-matched Taiwanese donor and for choosing a haplo-matched family donor was "expecting better clinical outcomes." In this case, the time for transplantation was not a great consideration in the choice of donors, reflecting the slow clinical course of CML.
Case 3: ALL
In case 3, 60% of the hematologists (N=33) chose an American (Caucasian) donor whose HLA type perfectly matched the recipient's. Sixteen percent (N=9) chose a haplo-matched family donor, and 13% (N=7) chose a partially mismatched (HLA 6/8) unrelated domestic donor (Fig. 1C) . The reasons for the donor choices were "better clinical outcomes" (70%, N=39,), "short waiting time to transplantation" (11%, N=6), "lower risk of rejection" (11%, N=6), and "lower cost for transplantation" (7%, N=4).
The most common reason for choosing a full-matched American donor was "expecting better clinical outcomes." The most common reasons for choosing a haplo-matched family donor were "expecting better clinical outcomes (N=3)" and "shorter time for transplantation."
Case 4: AA
In the last case, 66% (N=36) of the participants chose a Caucasian donor from the United States whose HLA type perfectly matched the recipient's. Fifteen percent (N=8) chose a haplo-matched family donor, and 11% (N=6) chose a domestic unrelated donor whose HLA type matched 6/8 alleles (Fig. 1D) . More than half of the participants (N=33, 60%) indicated that the reason for their choice was "expecting better clinical outcomes." Other reasons for the choice of donor included "lower risk of rejection" (27%, N=15), "shorter time to transplantation" (7%, N=4), and "lower cost for transplantation" (4%, N=2).
Factors affecting donor selection for allo-HSCT
On a questionnaire regarding the determinants of donor selection that allowed for multiple choices, 46% of the physicians responded that the major factor in their donor selection was "better clinical outcomes"; the other factors included "lower risk of side effects" (27%), "condition of recipient" (9%), "national health insurance (NHI) coverage criteria" (12%), and "cost burden to patients" (6%) ( Table 3) .
In response to a question regarding the reference used for decision making in donor selection, 40% (N=23) of the participants cited the "NHI coverage criteria" as their primary reference, 33% (N=19) cited "clinical guidelines," and 14% (N=8) cited "previous experience with procedures" (Fig. 2) .
Participants who had completed their hematology certification programs less than 10 years earlier were more likely to consider the clinical outcomes and side effects. Participants Multiple choices were allowed. with more clinical practice experience were more likely to consider their individual previous experiences and the NHI coverage criteria than to consider the clinical guidelines (Table 3 , Fig. 2 ). When participants were asked about the need for Korean clinical guidelines regarding donor selection, the vast majority (N=44, 80%) responded that allo-HSCT guidelines for donor selection customized to the Korean setting are necessary (Table 4) .
DISCUSSION
This survey was performed in order to understand physicians' perceptions and preferences regarding allo-HSCT donor selection in Korea when fully matched domestic donors are not available. In all scenarios, participants preferred perfectly matched international donors (HLA 8/8) over haplo-matched family donors regardless of the international donor's nationality. Approximately 30% of participants showed consistency in their donor selection preferences; in all scenarios, these participants chose the perfect HLA-matched foreign donor regardless of nationality or kinship; the most frequent reason for their choice of matched foreign donors was "expecting better clinical outcomes."
Even matched donors from America were overwhelmingly preferred over haplo-matched family donors for CML and AA; the preference was most pronounced in the CML case, followed by the AML case. This phenomenon is interesting because the outcomes with haplo-matched family donors are gradually improving, with some studies reporting outcomes similar to those with matched unrelated donors for haplo-HSCT [9] . The best haplo-HSCT results are being reported in AML patients, with results similar to those of allo-HSCT from matched sibling donors [10, 11] . The preference for haplo-matched family donors was most prevalent in the AML case, followed by the ALL case. This outcome likely reflects the participants' belief in the potential for graft-versus-tumor (GVT) effect in haplo-HSCT [12] . Sufficiently favorable clinical outcomes reported for haplo-HSCT in acute leukemia would also affect participants' decisions. In contrast, the preference for haplo-matched family donors was low in the CML case; this finding is interesting because CML is one of the tumors that may benefit most from GVT following allo-HSCT. We conjecture that sparse data regarding the clinical outcomes of haplo-HSCT in CML are the underlying reason for this outcome, which is also supported by the result observed only in the CML case that haplo-HSCT was not preferred over partially mismatched unrelated HSCT.
In 3 of 4 scenarios, the participants showed a slightly higher preference for haplo-matched family donors over partially mismatched unrelated donors, but we could not identify the exact reason for this tendency; we assume that this preference was related to the easy availability of haplo-matched family donors, although the time and costs for transplantation may also explain this preference. In addition, the effectiveness of haplo-matched family transplantation has improved as the risk of potent graft-versus-host disease has decreased due to recent advances in effective conditioning regimens [5] .
Although the physicians preferred perfectly HLA-matched donors from other countries on the grounds of better clinical outcomes, the cost of transplantation is another barrier for patients and their families. This is because all the expenses incurred by searching for and identifying matched donors, coupled with the subsequent process to extract and transport the stem cells, are much higher if the cells are donated from other countries. According to 2007 estimates, the cost from the KMDP reported an average estimated cost of KRW 9,020,000 in 2007; in contrast, the costs from the Chinese, Taiwanese, Japanese, and American bone marrow banks were an estimated KRW 32,409,606, 19,320,050, 30,183,600, and 53,932,542, respectively [13] . Adding the cost of the transplantation operation definitely increases the total medical cost for allo-HSCT, and a cancellation fee is also incurred if a patient discontinues the preparation process for transplantation abroad. Therefore, in reality, transplantation from a perfectly matched donor is not always feasible.
Despite these interesting findings, this study has a number of limitations. First, the survey subjects were hematologists who attended the Korean Society of Hematology meeting in 2015. Thus, the number of participants surveyed was limited, and caution is required in interpretation. Second, not all of the survey participants worked at hospitals that performed allo-HSCT. In other words, the results of the study were from hematologists in general, not from selected physicians who actually performed allo-HSCT in routine practice; hence, there may be a discrepancy between real-world practice in Korea and the survey outcomes.
To our knowledge, this is the first study to explore physicians' perceptions and preferences regarding allo-HSCT donor selection in Korea when full-matched domestic donors are not available, and few similar studies have been performed in Asian countries. The results of this study present an important message to the hematology society in an era in which efficient allo-HSCT techniques are being actively developed in order to utilize various types of donors.
The results of the survey show that hematologists in Korea still choose fully matched donors even when they are not available domestically; in fact, from a technical viewpoint, this finding concisely reflects the current situation in the allo-HSCT field, in which the outcomes of allo-HSCT using alternative donors are not established. However, considering 1) the cost and complexity of using international donors and 2) the favorable recent outcomes of haplo-HSCT and cord-blood HSCT, decisions regarding donor selection are likely to change in the near future. Based on our study results, research that compares alternative donors, including international matched donors, are necessary in order to help Korean hematologists to make rational decisions. Further comparative clinical research is necessary to develop customized Korean guidelines for rational alternative donor selection.
